(Eg.) Dilute solution of KCl is shaken with blood charcoal it shows negative adsorption.
Enthalpy or heat of adsorption
Amount of heat evolved when 1 mole of an adsorbate gets adsorbed on the surface of an adsorbent is called Molar Heat or Molar Enthalpy of Adsorption. 
DIFFERENCE BETWEEN ADSORPTION AND ABSORPTION

FACTORS AFFECTING THE EXTENT OF ADSORPTION (i) Nature of Adsorbent
The adsorption depends on the type of adsorbents used. When the adsorbent is highly porous the rate of adsorption increases. Activated carbon, metal oxides like aluminum oxide, silica gel and clay are commonly used adsorbents. The rate of adsorption can be increased by activation process. It helps in enhancing the pores in the adsorbent Eg. charcoal adsorbs 0.011 gms of CCl 4 at 24°C and activated charcoal adsorbs 1.48 gm of at 24°C.
Activation of adsorbent
During activation, the adsorbent is heated in steam to about 1500°C. Heating drives out all impurities and leads to a lager free surface for adsorption. It can be done in 3 given ways By making the surface of adsorbent rough.
By heating the adsorbent in vacuum so that the water vapour present in pores leave those pores.
By increasing the surface area of adsorbent
(ii) Surface area of adsorbent
Increase in surface area of the adsorbent increases the adsorption of gases and the extent of adsorption depends on two factors Greater the surface area greater the adsorption-Increase in surface area increases the number of adsorbing sites.
Larger the porosity greater the adsorption-Finely divided and highly porous materials acts as good adsorbents.
Eg. Charcoal and silica gel (excellent adsorbents).
(iii) Nature of Gases
The amount of gas adsorbed by a solid depends on the nature of the gas. Easily liquefiable gases like HI, NH 3 , CI 2 , SO 2 etc., are adsorbed more easily then the permanent gases like H 2 , N 2 , and O 2 etc. Physical adsorption is non-specific in nature, so any gas will be adsorbed on the surface under any given conditions of temperature and pressure. Chemisorption is specific in nature so only those gases which forms chemical bonds will be adsorbed.
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The nature of gas depends on two factors:
Critical Temperature (maximum temperature above which the gas cannot be liquefied). Liquefactions of gases depend on critical temperature. When the critical temperature is more the gases will be liquefied and more adsorption occurs.
Van der Waal's forces: Easily liquefiable gases possess greater Vander Waal's forces than permanent gases, so they are adsorbed more readily.
(iv) Exothermic Nature
Heat of adsorption is defined as the energy liberated when 1 g mol of a gas is adsorbed on a solid surface. Increase in temperature increases the kinetic energy of the gas molecules and it results in more number of collisions of gas molecules over the adsorbent surface.
(v) Pressure
When pressure is increased then the rate of adsorption increases initially. The extent of adsorption is expressed as x/m where 'x' is amount of adsorbate; 'm' is mass of adsorbent when the dynamic equilibrium is established between free gas and the adsorbed gas. But after some time it reaches appoint where no more adsorption occurs and at this point adsorption is independent of pressure. 
ADSORPTION OF SOLUTE FROM SOLUTIONS
The process of adsorption of solutes on solid surface can take place from solutions. For example the activated animal charcoal adsorbs colouring matter present in sugar solution and clarifies the sugar solution. It also has the capacity to adsorb acetic acid and oxalic acid from water thereby reducing the concentration of acids in water.
There are two (or more) components present in a solution namelysolute and solvent. The solute may be present in the molecular or ionic form. The extent of adsorption from solution
Low
Pressure High depends upon the concentration of the solute in the solution, and can be expressed by the Freundlich Isotherm.
(or)
where, x-is the mass of the solute adsorbed, m -is the mass of the solid adsorbent, c -is the concentration of the solute in the solution & n -is a constant having value greater than one, k -is the proportionality constant.
The value of k depends upon the nature of solid, its particle size, temperature, and the nature of solute and solvent etc. It the graph is plot between x/m against c which gives a straight line which is similar to Freundlich adsorption isotherm.
FACTORS AFFECTING ADSORPTION OF SOLUTES FROM SOLUTION
Nature of adsorbent
Adsorption ofsolute from solution is highly specific. Adsorption depends mainly on nature of adsorbent.
Temperature
Adsorption from solution decreases with rise in temperature.
Concentration of solute
Adsorption from solution decrease with decrease in concentration of solution.eg charcoal adsorbs water from dilute KCl solution whereas charcoal adsorbs KCl from concentrated KCl solution.
ADSORPTION ISOTHERM
The process of adsorption is usuallystudied through graphs know as adsorption isotherm. It is the graph between the amounts of adsorbate (x) adsorbed on the surface of adsorbent (m) and pressure (P) at constant temperature. At low pressure, extent of adsorption is directly proportional to pressure:
At high pressure, extent of adsorption is independent of pressure:
At intermediate value of pressure, adsorption is directly proportional to pressure raised to power 1 ⋅ n value is greater than 1.
To remove proportionality a proportionality constant 'k' is used which is known as adsorption constant and we get
The above equation is known as Freundlich Adsorption equation.
Plotting of Freundlich Adsorption Isotherm
Taking log both sides of equation, we get,
The equation is comparable with equation of straight line, y = m x + c where, m represents slope of the line and c represents intercept on y axis. Plotting a graph between log (x/m) and log p, we will get a straight line with value of slope equal to 1/n and log k as y-axis intercept. 
Assumptions of Langmuir Isotherm
Langmuir proposed his theory by making following assumptions.
(i) Surface is energeticallyuniform. Fixed number ofvacant or adsorption sites are available on the surface of the solid.
(ii) All the vacant sites are of equal size and shape on the surface of adsorbent.
Each site can hold maximum of one gaseous molecule and a constant amount of heat energy is released.
(iii) Heat of adsorption is constant throughout the surface and it ranges from 0 to 1.
(iv) Dynamic equilibrium exists between adsorbed gaseous molecules and the free gaseous molecules.
(v) Adsorption is monolayer or unilayer.
Derivation
Langmuir Equation depicts the relationship between the extent of adsorption and pressure. Langmuir proposed that dynamic equilibrium exists between adsorbed gaseous molecules and the free gaseous molecules. Using the equilibrium equation, equilibrium constant can be calculated. At equilibrium, Rate of forward reaction is equal to Rate of backward reaction
A new parameter 'θ' is introduced.
Let θ be the number of sites of the surface which are covered with gaseous molecule and (1-è) be the fraction of surface unoccupied by gaseous molecule. Rate of forward direction depends upon two factors, number of sites available on the surface of adsorbent, (1 -θ) and pressure, P.
Rate of forward reaction ∝ P (1 − θ)
Rate of adsorption
Rate of backward reaction or rate of desorption depends upon number of sites occupied by the gaseous molecules on the surface of adsorbent.
Rate of desorption
At equilibrium, rate of adsorption is equal to rate of desorption.
The above equation can be written in terms θ.
Divide numerator and denominator on RHS by K d , we get 
Alternate form of Langmuir Adsorption Equation
Langmuir adsorption equation can be written in an alternate form in terms of volume of gas adsorbed. Let V be volume of gas adsorbed under given sets of conditions of temperature and pressure and V mono be the adsorbed volume of gas at high pressure conditions so as to cover the surface with a unilayer of gaseous molecule.
Substituting the value of θ in Langmuir equation
in terms of pressure P we get, Langmuir Adsorption Equation in alternate form.
Thus, if we plot a graph between P/V vs P, we will obtain a straight line with Slope = 1/V mono and intercept =1/ KV mono.
Limitations of Langmuir Adsorption Equation
The adsorbed gas has to behave ideally in the vapour phase. Langmuir equation is valid under low pressure only.
(ii) Langmuir Equation assumes that adsorption is monolayer. But, monolayer formation is possible only under low pressure condition. Under high pressure condition the assumption breaks down as gas molecules attract more and more molecules towards each other.
(iii) Another assumption is the surface of solid is homogeneous but in real solid surfaces is heterogeneous. 
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KINETICS OF SURFACE REACTION
The kinetics of heterogeneously-catalyzed reactions might vary with the partial pressures of the reactant gases above the catalyst surface which can be predicted by using the Langmuir isotherm.
KINETICS OF UNIMOLECULAR DECOMPOSITION
Examples of unimolecular decomposition 2. The products are very weakly bound to the surface and, they can be easily deformed.
3. The rate determining step is the surface decomposition step.
According to Langmuir adsorption isotherm molecule 'A' adsorbed on the surface is in equilibrium with the gas phase and the surface concentration is represented as:
The rate of the surface decomposition is given by an expression :
Substituting, θ , in the rate expression we get:
The reaction is expressed within two limits:
Under low pressure 'è' is very small and rate is directly proportional to pressure
Under high pressure θ is almost unity. 
KINETICS OF BIMOLECULAR REACTION (Langmuir-Hinshelwood)
Between molecular adsorbates.
Consider the reaction:
Assumption:
The surface reaction between the two adsorbed species is the rate determining step. The rate of the reaction of the two adsorbed molecules for biomolecular surface will be given by:
According to Langmuir adsorption isotherm:
where two molecules (A & B) are competing for the same adsorption sites then
Substituting these into the rate expression gives:
2. First order in A, but negative first order in B then
TYPES OF ADSORPTION ISOTHERM
Adsorption process is usually studied through graphs known as adsorption isotherm. After saturation pressure P s , adsorption does not occur anymore, as there are limited numbers of vacancies on the surface of the adsorbent. At high pressure when all the sites are occupied and further increase in pressure does not cause any difference in adsorption process. At high pressure, adsorption is independent of pressure. There are 5 different types of adsorption isotherms and each of them has specific characteristics. Type IIAdsorption isotherm shows large deviation from Langmuir modelof adsorption. They are most frequently encountered when adsorption occurs on nonporous powders or macroporous adsorbents with unrestricted monolayer -multilayer adsorption. Type III Adsorption Isotherm also shows large deviation from Langmuir model. This isotherm explains the formation of multilayer. They are characterized principally by heats of adsorption which are less than the adsorbate heat of liquefaction. 
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(iii) In desiccation or dehumidification
Certain substances can be used to remove water vapour or moisture present in the air. Silica gel and alumina are used for dehumidification in electronic equipment.
(iv) In clarification of sugar
Sugar is decolorized bytreating sugar solution with animalcharcoalpowder which removes the colour producing substances.
(v) In paint industry
The paint should not contain dissolved gases as it inhibits the adherence capacity of paint to the surface to be coated. The dissolved gases are therefore, removed by suitable adsorbents. This is done by adding suitable liquids which adsorbs these films. Such liquids are called wetting agents. Eg. Use of spirit as wetting agent in furniture painting..
(vi) Adsorption chromatography
Analytical method, in which molecules are separated according to their adsorptive properties, where a mobile fluid phase is passed over an immobile solid adsorptive stationary phase.
(vii) In adsorption indicators
Various dyes which possess adsorption property have been introduced as indicators mainly in precipitation titrations. For example KBr is titrated with AgNO 3 using eosin as an indicator 
(viii) Heterogeneous Catalysis
In heterogeneous catalytic reactions adsorption of gaseous reactants on solid catalyst occurs. The adsorption mechanism is responsible for the greater efficiency of the catalyst in the finely divided state and helps us to understand the action of catalyst promoters and poisons. eg, 1. Finely powdered nickel is used for the hydrogenation of oils.
2. In manufacture of sulphuric acid finely divided vanadium pentaoxide (V 2 O 5 ) is used in the contact process. 
(ix) In adsorption indicators
In many precipitation titrations many dyes are used as indicators which work on the principle of adsorption.
(x) In curing diseases
Some pharmaceutical drugs have the capacity to adsorb the germs on them and kill them and protect us from diseases. 
(xiii) In softening of hard water
The use of ion exchangers for softening of hard water is based upon the principle of adsorption chromatography. The ion exchange resins helps to remove hardness causing ions from water and make it useful for industrial and domestic applications. 
[1] Fixed Bed or Packed Bed Systems
These are quite simple devices. The fixed bed or packed bed reactors are most commonly used for study of solid catalyst. Afixed bed reactor usually consists of a cylindrical vessel packed with the adsorbent material (eg. activated carbon) and it contains more surface area for adsorption. The contaminated or the polluted air enters the fixed bed system at the side, where there is an exhaust distributor. The exhausted air exits the fixed bed adsorber clean of pollutants or contaminates. Once the adsorbent is fully saturated with adsorbate the system requires changeout of the spent materials, which is then packed with new adsorbent material. The spent adsorbent will be thermally cleaned. 
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Thus it is now considered that the catalyst can initiate a reaction. According to this view, the reacting molecules (in the absence of catalyst) do not possess minimum kinetic energies for successful collisions. The molecules rebound from collision without reacting at all (vi) A catalyst should remain unchanged in mass and chemical composition during end of the reaction.
(vii) Catalyst can alter only the speed of the reaction but it should not affect the equilibrium of the reaction.
(viii) Catalysts are more active at its optimum temperature. Change of temperature alters the rate of a catalytic reaction as it would do for the same reaction without a catalyst.
(ix) The catalytic activity can be altered by adding a small amount of foreign substance.
Such substances which catalyse the catalyst are called as promoters and the substance which inhibits the reaction are called as catalytic poisons or anti-catalyst.
TYPES OF CATALYSIS
Catalytic reactions can be broadly divided into the following types,
HOMOGENEOUS CATALYSIS
When the reactants and the catalyst are in the same phase (i.e. solid, liquid or gas) it is said to be homogeneous.
Examples of Homogenous Catalysis
1. The depletion of ozone (O 3 ) in the ozone layer of the Earth's atmosphere by chlorine free radicals (Cl ) is a an example where the reactant and product exist in gaseous phase. Slow breakdown of manmade chlorofluorohydrocarbons (CFCs), release chlorine free radical into the atmosphere, which converts gaseous ozone to gaseous oxygen (O 2 ).
Fischer esterification:
Reaction of carboxylic acid with an alcohol involves the use of sulfuric acid as the catalyst and is an example where everything is contained in a liquid phase.
HETEROGENEOUS CATALYSIS
The catalytic process in which the reactants and the catalyst are in different phases is known as heterogeneous catalysis.
Examples of Heterogeneous Catalysis
1. The catalytic converters in automobiles convert exhaust gases such as carbon monoxide (CO) and nitrogen oxides (NOx) into more harmless gases like carbon dioxide (CO 2 ) and nitrogen (N 2 ). Metals (solids) like platinum (Pt), palladium (Pd) and rhodium (Rh) are used as the catalyst. 
Haber Process
The catalyst is porous iron prepared by reducing magnetite, Fe 3 O 4 , with potassium hydroxide (KOH) added as a promoter.
Positive Catalysis: When the rate of the reaction is accelerated by the foreign substance, it is said to be a positive catalyst and phenomenon as positive catalysis. Examples of positive catalysis are given below. 
Negative Catalysis: There are certain, substance which, when added to the reaction mixture, ret ard the reaction rat e instead of increasing it. These are called negative catalyst or inhibitors and the phenomenon is known as negative catalysis.
Some examples are as follows.
(i) Oxidation of sodium sulphite
(ii) Tetra Ethyl Lead (TEL) is added to petrol to retard the ignition of petrol vapours on compression in an internal combustion engine and thus minimize the knocking effect.
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AUTOCATALYSIS
When one of the products of reaction itself acts as a catalyst for that reaction the phenomenon is called Autocatalysis.
In autocatalysis the initial rate of the reaction rises as the catalytic product is formed, instead of decreasing steadily (Figure) . The curve plotted between reaction rate and time shows a maximum when the reaction is complete A chemical reaction is said to have undergone autocatalysis, or be autocatalytic, if the reaction product is itself the catalyst for that reaction.
Examples of Autocatalysis
(1) Hydrolysis of an Ester. The hydrolysis of ethyl acetate forms acetic acid (CH 3 COOH) and ethanol. Of these products, acetic acid acts as a catalyst for the reaction. 
CATALYTIC POISONING AND PROMOTERS
Promoters
The activity of a catalyst can often be increased by addition of a small quantity of a second material. This second substance is either not a catalyst itself for the reaction or it may be a feeble catalyst.
A substance which, though itself not a catalyst, promotes the activity of a catalyst is called a promoter. They are substances when added in small concentration can increase the activity of a catalyst.
Example of Promoters
Molybdenum (Mo) or aluminium oxide (Al 2 O 3 ) promotes the activity of iron catalyst in the Haber synthesis for the manufacture of ammonia.
In some reactions, mixtures ofcatalysts are used to obtain the maximum catalytic efficiency. For example, in the synthesis of methanol (CH 3 OH) from carbon monoxide and hydrogen, a mixture of zinc and chromium oxide is used as a catalyst. The theory of promotion of a catalyst is not clearly understood. Presumably:
Explanation of Promotion Action
(1) Change of Lattice Spacing. The lattice spacing of the catalyst is changed thus enhancing the spaces between the catalyst particles. The absorbed molecules of the reactant (say H 2 ) are further weakened and cleaved. This makes are reaction go faster.
(2) Increase of Peaks and Cracks. The presence of the promoter increases the peaks and cracks on the catalyst surface. This increases the concentration of the reactant molecules and hence the rate of reaction.
The phenomenon of promotion is a common feature of heterogeneous catalysis.
Distance between catalyst particles
Covalent bond much weakened and cleaves readily 
CATALYTIC POISONS
Small amounts ofsubstances can reduce the activity of catalyst. If the reduction in activity is reversible, the substances are called inhibitors. Inhibitors are sometimes used to increase the selectivity of a catalyst by retarding undesirable reactions.
A substance which destroys the activity of the catalyst to accelerate a reaction is called a poison and the process is called Catalytic Poisoning.
Examples of Catalytic Poisoning
(1) The platinum catalyst used in the oxidation of sulphur dioxide (Contact Process), is poisoned by arsenic oxide (As 2 O 3 )
(2) The iron catalyst used in the synthesis of ammonia (Haber Process) is poisoned by H 2 S. 
Explanation of Catalytic Poisoning
(1) The poison is adsorbed on the catalyst surface in preference to the reactants. Even a monomolecular layer renders the surface unavailable for further adsorption of the reactants. The poisoning byAs 2 O 3 or CO appears to be of this kind. 
ACID AND BASE CATALYSIS
A number of homogeneous catalytic reactions are known which are catalysed by acids or bases, or both acids and bases. These are often referred to asAcid-Base catalysts. Arrhenius pointed out that acid catalysis was, in fact, brought about by H + ions supplied by strong acids, while base catalysis was caused by OH -ions supplied by strong bases. (ii) Various processes for producing many different medicine
BIOLOGICAL CATALYST--ENZYMES
Numerous organic reactions are taking place in the body of animals and plants to maintain the life process. These reactions being slow remarkably catalysed by the organic compounds known as Enzymes. All enzymes have been found to be complex protein molecules. Thus: Enzymes are protein molecules which act as catalysts to speed up organic reactions in living cells. The catalysis brought about by enzymes is known as Enzyme Catalysis.
Each enzyme is produced in a particular living cell to catalyse a reaction occurring in that cell. Many enzymes have been identified and obtained in pure crystalline state from the cells to which they belong. However the first enzyme as prepared by synthesis in the laboratory in 1969.
Enzymes are substances found in biological systems that act as catalyst for specific biochemical process. Enzymes are usually protein or steroid which is synthesized in the living cells of animals and plants. Enzymes Step
Step The above equation is called Michaelis -Menton equation. This equation is applicable to enzyme catalysed reaction having a single substrate. Aquantitative estimation of initial rate of reaction, maximum velocity and substrate concentration is combined through a constant called Michaelis constant. 
FACTORS AFFECTING ENZYME ACTIVITY a. Enzyme Concentration
If we keep the concentration of the substrate constant and increase the concentration of the enzyme, the rate of reaction increases linearly. (That is if the concentration of enzyme is doubled, the rate doubles.) This is because in practically allenzyme reactions the molar concentration of the enzyme is almost always lower than that of the substrate.
b. Substrate Concentration
If we keep the concentration of the enzyme constant and increase the concentration of the substrate, initially, the rate increases with substrate concentration, but at a certain concentration, the rate levels out and remains constant.
So at some point, increasing the substrate concentration does not increase the rate of reaction, because the excess substrate cannot find any active sites to attach to.
c. Temperature
For enzyme-catalyzed reactions, like all chemical reactions, rate increases with temperature. However, enzymes are proteins, and at higher temperatures proteins become denatured and inactive. Thus, every enzyme has an optimum temperature.
Optimum temperature -the temperature at which enzyme activity is highest-usually about 25 o C−40 o C.
d. Effect of pH
Small changes in pH can result in enzyme denaturation and loss of catalytic activity.
Because the charge on acidic and basic amino acid residues located at the active site depends on pH. Most enzymes only exhibit maximum activity over a very narrow pH range.
Most enzymes have an optimum pH that falls within the physiological range of 7.0-7.5.
Notable exceptions are the digestive enzymes pepsin and trysin.
pepsin (active in the stomach) -optimum pH of 1.5 trypsin (active in the small intestine) -optimum pH of 8.0
